BIOCHEMICAL SOCIETY TRANSACTIONS more potent than TNFa or IL-1 a in inhibiting PG synthesis. Additionally. TNFa-induced inhibition of PG synthesis in control or OA cartilage was relieved slightly by TGFB (10 ng/ml) and t o a greater extent by IGF-1 (100 nglml), although neither growth factor could completely abrogate inhibition.
Normal skeletal muscle glycogen levels are variable, depending upon a number of factors including fibre composition [ 11. However, all muscle types are considered to have 'moderatehigh' glycogen contents [l] . Conlee et af. [ 2 ] found that four types of muscle (red vastus, white vastus, soleus, gastrocnemius) had glycogen contents which varied in the range 20-50 pmol/g of tissue wet weight during the normal 24 h feeding cycle. Many early investigations indicated that skeletal muscle glycogen content is not significantly influenced by fasting (for example, see [ 3 ] ) .
However, more recent studies have shown that the skeletal muscle glycogen depot is partially depleted during starvation. For example, Conlee el a/. 121 showed glycogen depletion in four different muscle types after 24 h starvation in the rat. Upon refeeding, after a period of starvation, there is repletion of the skeletal muscle glycogen store Mild techniques have been used to extract and purify glycogen from mammalian skeletal muscle; this material is highly polydisperse, covering a wide range of molecular sizes [6-81. Using enzymic and chemical degradation it has been shown that the muscle glycogen has a similar structure and mode of construction to its counterpart in the liver [6, 7, 91. There have been no investigations of possible metabolic inhomogeneity of skeletal muscle glycogen synthesis after partial depletion of this material. In the light of reports of such inhomogeneous synthesis of liver glycogen (see (51 for references), it was decided to determine the structure of rat skeletal muscle glycogen after starvation and during refeeding.
Male Wistar rats (300 g) were fed ad libitum or fasted for 40 h. After fasting the rats were given access to food for periods of between 30 min and 48 h, when they were killed by cervical dislocation. Hindlimb skeletal muscle was removed rapidly and immediately immersed in liquid nitrogen to prevent any post-mortem glycogen degradation [lo]. Sources of reagents and all methods were as described elsewhere [6-lo].
Results are shown in Table 1 . The concentration of glycogen within the skeletal muscle of the fed rats was approx. 40 pmol/g of tissue wet weight, similar to values published elsewhere (e.g. [ 2 ] ) . After 40 h fasting, the concentration fell to Table 1 . Tissue content and molecular mass distribution of glycogen in the skeletal muscle offed, starved and starvedlfed rats Rats were fed or fasted for 40 h. After fasting they were given access to food for periods of between 30 min and 48 h, when they were killed. Hindlimb skeletal muscles were removed rapidly and immersed in liquid nitrogen. Methods for tissue glycogen content measurement, glycogen purification and determination of glycogen molecular size distributions were as described elsewhere [6-10, 16, 171. Numbers in parentheses after tissue glycogen content indicate the relative content taking that of skeletal muscle from fed animals as 100. The molecular size range has been divided into two regions, corresponding to high and low molecular mass. 18.5 pmol/g of tissue wet weight, representing a 55"/0 depletion of the glycogen store. Upon refeeding there was rapid synthesis of muscle glycogen. The rate of glycogen synthesis over the first 30 min of refeeding was approx. 40 pmol/h per g o f tissue. The glycogen concentration had returned to the fed level after approx. 30 min of refeeding, but, as was the case with liver [S], synthesis continued. The peak in muscle glycogen concentration was approx. 50 pmol/g of tissue wet weight, 1.3 times the normal fed level, reached 13 h after the start of refeeding. Such oversynthesis of skeletal muscle glycogen upon refeeding after starvation has not been frequently reported. There have, however. becn reports of oversynthesis of skeletal muscle glycogen after its depletion by exercise [ 1 I , 121 (this is the basis of the 'carbohydrate loading' phenomenon used by athletes before long distance races [ I I or electrical stimulation [ 131. The rate of skclctal muscle glycogen resynthesis after exercise-induced depletion was 34 pmol/h per g of tissue [14], similar to the rate described here for starvation-induced resynthesis. By 48 h of refeeding, the muscle glycogen concentration had returned to normal.
Glycogen was purified from skeletal muscle of starved and starved/refed rats, and compared with that purified from normally fed rats with respect to the molecular mass distribution. The molecular mass distributions of the purified glycogens are summarized in Table l , where the material has been divided into two size classes, defined as low ( < 250 x 10' Da) and high ( > 250 x 1 0 h Da) molecular mass, respectively.
The proportion of the glycogen in each size range is expressed relative to the total amount of tissue glycogen present at that time of refeeding. Starvation affected both high and low molecular mass glycogen populations. Approximately 20%) of the high molecular mass glycogen and 73% of the low molecular mass glycogen were mobilized, resulting in twice the level of the former material remaining. Upon refeeding, there was rapid resynthesis of glycogen of both sizes, but there was initial oversynthesis of the high molecular mass material. At 30 min of refeeding, muscle glycogen levels had returned to the fed level, whereas the level of high molecular mass glycogen was 1.3 times the fed level. In contrast, at this stage of refeeding, low molecular mass material was present at 75% of the fed level. At this stage, high molecular mass material made up 50% of the glycogen present, compared with approx. 35% in the fed state. The synthesis of high molecular mass glycogen continued such that at 4 h and 13 h of refeeding there was 1.6 and 1.3 times as much glycogen of high molecular mass present as in the normal fed state. Over the early refeeding period there was also synthesis of smaller glycogen, so that by 4 h of refeeding low molecular mass glycogen was present at the normal level and at 13 h of refeeding it was present at 1.3 times the normal level. By 48 h of refeeding the amounts and relative proportions of the various sizes of muscle glycogen had returned to their normal levels. Thus, the resynthesis of muscle glycogen was accompanied by oversynthesis of high molecular mass material, although synthesis of low molecular mass material also proceeded rapidly. lnhomogeneity of mammalian skeletal muscle glycogen resynthesis has not been reported previously, although Orrell et ul. [ 151 observed that the polydisperse glycogen from Ascuris muscle behaves inhomogeneously with respect to molecular size upon refeeding after fasting.
As is the case for liver glycogen [ 16, 171, it has been shown that high molecular mass muscle glycogen has a higher protein content than the low molecular mass material 171. For liver glycogen, it has been proposed that this is a result of two diffcrcnt sites of synthesis [ see 18. 191: high molecular mass material is proposed to be synthesized at the rough endoplasmic reticulum and low molecular mass material at the smooth endoplasmic reticulum. Skeletal muscle contains Golgi apparatus [20] and it has been proposed that the sarcoplasmic reticulum acts in a similar fashion to the endoplasmic reticulum in other tissues [21]. As such it is possible that there may be more than a single site of skeletal muscle glycogen synthesis, one responsible for synthesis of high molecular mass glycogen and one for synthesis of the low molecular mass material. The findings of this study would support such 'compartmentation' of skeletal muscle glycogen synthesis.
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